Reproductive system and spermatozoa ultrastructure support the phylogenetic proximity of Megadasys and Crasiella (Gastrotricha, Macrodasyida) by L. Guidi et al.
Contributions to Zoology, 83 (2) 119-131 (2014)
Reproductive system and spermatozoa ultrastructure support the phylogenetic proximity of 
Megadasys and Crasiella (Gastrotricha, Macrodasyida)
Loretta Guidi1, 4, M. Antonio Todaro2, Marco Ferraguti3, Maria Balsamo1
1 Dipartimento di Scienze della Terra, della Vita e dell’Ambiente, Università di Urbino ‘Carlo Bo’, Italy
2 Dipartimento di Scienze della Vita, Università di Modena-Reggio Emilia, Modena, Italy
3 Dipartimento di Bioscienze, Università degli Studi di Milano, Via Celoria 26, I-20133 Milano, Italy
 4 E-mail: loretta.guidi@uniurb.it 
Key words: Cephalodasyidae, phylogeny, Planodasyidae, reproductive traits, spermatogenesis
Abstract
The reproductive system and the spermatozoon of Megadasys 
sterreri from Lanzarote (Canary Islands, Spain) were studied at 
structural and ultrastructural levels. The species is a simultane-
ous hermaphrodite with cross-fertilization and shows paired 
gonads, the male anterior and the female posterior, and both 
gametes mature in a caudo-cephalic direction. Sperm ducts 
converge on the midline and open into a ventral common pore. 
Two sexual accessory organs are present in the caudal trunk. A 
pipe-like frontal organ lies between the ovaries and the caudal 
organ, and is composed of a long, thin region connected to a 
large zone containing mature and degenerating spermatozoa. 
The cigar-like caudal organ is elongate, bulky and is made of an 
anterior glandulo-muscular region and a posterior muscular one. 
Spermatozoa are long, filiform cells formed by an acrosome, a 
nucleus-mitochondrial complex, and a flagellum. The long acro-
some is composed of an apical twisted region and a basal straight 
region. The nucleo-mitochondrial complex is formed by a 
spring-shaped nucleus surrounding basally the mitochondrion 
and apically a granular material. The flagellum has a 9x2+2 
axoneme, characterized by a dense and prominent central sheath 
surrounding the central tubules. Megadasys sterreri (Cephalo-
dasyidae) shows the same reproductive layout as Crasiella 
(Planodasyidae): paired gonads, caudo-cephalic maturation of 
gametes, sperm ducts converging into a common ventral pore, 
and two sexual accessory organs. Also the spermatozoa ultra-
structure shows two similarities in the two genera: a peculiar 
prominent central sheath in the axoneme and a similar structure 
of the basal region of the acrosome. Considering the likely po-
lyphyletic nature of the family Cephalodasyidae, and the sis-
ter-taxon relationship of Megadasys and Crasiella that emerged 
from a recent molecular phylogenetic study, a close relationship 
between the two taxa appears to be very likely; consequently, 
we propose to remove Megadasys from the family Cephalodasyi-
dae and affiliate it to the family Planodasyidae.
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Introduction
The cosmopolitan phylum Gastrotricha includes about 
790 microscopic, aquatic, meiobenthic species grouped 
into two orders: Macrodasyida and Chaetonotida. Ma-
crodasyida include approximately 340 vermiform mari-
ne species, generally hermaphroditic with cross-fertili-
zation. Chaetonotida include over 450 species, most of 
which are parthenogenetic and freshwater, with only 
some hermaphroditic and marine forms (Todaro and 
Hummon, 2008; Balsamo et al., 2009; Hummon and To-
daro, 2010; Todaro et al., 2012; Kånneby et al., 2013). 
Current in-group systematization is mainly based on 
morphological grounds; however, recent phylogenetic 
studies have suggested that several taxa are non-monop-
hyletic, with some contrasts between the evolutionary 
scenarios inferred from morphology or molecules 
(Hochberg and Litvaitis, 2000; Todaro et al., 2006, 2011, 
2012 vs Kieneke et al., 2008; Kånneby et al., 2013). 
 A re-examination in an evolutionary perspective of 
known morphological characteristics along with the 
acquisition of new anatomical and biological data have 
permitted a re-systematization of some taxa (by esta-
blishing new families: Todaro et al., 2006, 2012; Leasi 
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Fig. 1. Megadasys sterreri: habitus, testis and sperm ducts. A. Habitus of an adult specimen. The testis (t), the mature oocyte (mo) and 
the caudal organ (co) are visible. B. Portion of the body showing the two ovaries (o). C. The characteristic loops formed by sperm ducts 
(arrows). D. Merging of sperm ducts (arrow). E. Longitudinal section of the body showing the compact testis in which the germinal cells 
(gc) mature in a caudo-cephalic direction and the mature spermatozoa (s) migrate ventro-laterally along each testis moving to its poste-
rior end. F. Cross-section of the body showing the compact testis: note the germinal cells (gc) and the mature spermatozoa (s). G. Obli-
que section of the testes (t) at the level of the pharynx (ph). H. Sperm duct (sd) in a ‘loop’. 
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and Todaro, 2008; Hummon and Todaro, 2010), redu-
cing phylogenetic conflicts and/or indicating the hy-
potheses based on molecular markers to be the most 
robust (compare position of Redudasys in Kieneke et 
al., 2008 vs Todaro et al., 2012). While several uncer-
tainties still remain, it is interesting noting that where 
phylogenetic groupings based on morphology and on 
molecules agree with the current systematization the 
representatives of that taxon/grouping share homolo-
gies in the reproductive traits, especially at family le-
vel. For instance, members of the Thaumastodermati-
dae as well as of the Turbanellidae are characterized 
by peculiarities of their reproductive system and/or 
gamete ultrastructure (Balsamo et al., 2002; Marotta 
et al., 2005, 2011; Todaro et al., 2011), and these 
characteristics provide a strong basis for monophyly, 
that is also supported in all phylogenetic analyses 
(Hochberg and Litvaitis, 2000; Todaro et al., 2003, 
Fig. 2. Megadasys sterreri: frontal organ. A-B. Longitudinal section of the frontal organ thin portion (tfo): note the epithelial cells (ec) 
and mature spermatozoa (s). C-D Longitudinal section of the large portion of the frontal organ (lfo). Degenerating (ds) and non-degene-
rating spermatozoa (s) are visible.
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Fig. 3. Megadasys sterreri: caudal organ. A-B. The musculo-glandular caudal organ is long and cylindrical and formed by two regions 
clearly recognizable: the anterior (ar) and the posterior region (pr). The latter has a large lumen that opens in a terminal pore (p). C. 
Cross-section of anterior region of caudal organ: note the basal position of the nuclei (n) of the glandular cells, their inner secretion 
granules (g), and microvilli (arrow) projecting out into the virtual lumen. The thick basal lamina surrounding circular fibers is clearly 
visible (arrowhead). D-E-F. Posterior part of caudal organ: note the large lumen (l), the microvilli (arrow) and the network of glycopro-
teins (pt). G. The terminal region of the caudal organ near to the pore.
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2006, 2011, 2012; Petrov et al., 2007; Paps and Riu-
tort, 2012). This highlights the strong phylogenetic 
signal embedded in the reproductive traits as well as 
their possible utility in the process of natural systema-
tization of Gastrotricha. Moreover, it calls for an in-
depth comparison of reproductive structures and ga-
metes of species that are currently ascribed to diffe-
rent families, despite the fact that molecular data 
show them combined into a common clade. One such 
a case is represented by the species of Crasiella and 
Megadasys, two genera that are currently assigned to 
the families Planodasyidae Rao and Clausen, 1970 
and Cephalodasyidae Hummon and Todaro, 2010, 
respectively, but are likely to form a monophylum ba-
sed on the 18S rDNA gene (Todaro et al., 2012, see 
also Paps and Riutort, 2012). While there is already a 
satisfactory information on the reproductive system of 
two species of Crasiella (Guidi et al., 2011), much still 
remains to be learned about the structure of the repro-
ductive apparatus and male gametes in species of Me-
gadasys. Here, we supply additional data on Mega-
dasys sterreri (Boaden, 1974) with the aim of explai-
ning the current systematization of the genus.
Material and methods 
Sand samples of Megadasys sterreri (Boaden, 1974) 
were collected in October 2011 from 11-20 m water depth 
at Mala, Lanzarote (Canary Islands, Spain; Riera and 
Todaro, 2012). Gastrotrichs were extracted from the 
sediment by the narcotization-decantation technique, 
using an isosmotic (7%) magnesium chloride solution 
(Giere, 2009). The fauna-containing supernatant was 
then poured directly into a 5-cm in diameter Petri dish 
and scanned for specimens under a Wild M3 dissecting 
microscope. For light microscopy (Todara and Hummon, 
2008), three adult specimens of Megadasys sterreri were 
removed with a micropipette from the Petri dish, 
fresh-mounted on slides and observed under a Leitz 
Dialux 20 microscope equipped with Differential Inter-
ference Contrast (Nomarski). During observation, the 
animals were photographed with a DS-Fi1 Nikon digital 
camera and measured with the Nikon NIS-F software.
 For transmission electron microscopy, six mature 
specimens were fixed overnight (24h) in 2% glutaral-
dehyde in a 0.1 M sodium cacodylate buffer (pH 7.4), 
and stored in a 0.1 M sodium cacodylate buffer. They 
were then post-fixed in 1% osmium tetroxide in the 
same buffer, repeatedly washed in the same buffer, 
dehydrated in a graded ethanol series and embedded 
in Araldite. Semi-thin (2 µm thick) and ultra-thin sec-
tions (70 nm thick) were cut with an LKB Ultrotome 
2088V. The semi-thin sections were stained with to-
luidine blue while the ultra-thin sections were contra-
sted with a saturated solution of uranyl acetate in 
ethanol 50%, followed by lead citrate solution 
(Reynolds, 1963). The ultra-thin sections were obser-
ved under a Philips CM10 transmission electron mi-
croscope. The locations of some morphological 
characteristics along the body are given in percenta-
ges of units (U) of the total body length, measured 
from the anterior to the posterior.
Results
Reproductive apparatus: general arrangement
Mature specimens of Megadasys sterreri are simulta-
neous hermaphrodites. Two band-shaped testes lie at 
the sides of the anterior intestine; the sperm ducts are 
quite long and sinuous and form 2-4 characteristic 
‘loops’ over their length. They originate at about the 
mid-testis and extend posteriorly to about mid body 
where they fuse on the mid-ventral plane and open 
exteriorly through a single median pore (Fig. 1A, C-D). 
Two ovaries are lateral to the posterior intestine and 
join mid-dorsally anteriorly; a large mature egg, dorsal 
to the intestine is usually visible at about mid body 
(Fig. 1A-B). In the caudal trunk region an elongate, 
bulky, musculo-glandular organ interpreted as a caudal 
organ is present (Fig. 1A). An epithelial frontal organ 
lies between the ovaries and the caudal organ. 
Testes
The two testes are thin and compact bands extending 
from the level of the pharyngeo-intestinal junction 
(U24) to U44. The germinal epithelium is arranged 
peripherally along the entire length of each testis, and 
gametes mature in a caudo-cephalic direction: mature 
spermatozoa migrate caudally from the most anterior 
region of the testis along its external side. A testis lu-
men is not present (Fig. 1E-G). The sperm ducts begin 
at about mid-testis, extend posteriorly, and fuse on the 
middle ventral plane in the trunk region. The common 
sperm duct continues as a short, slightly wider canal 
that is usually oriented towards the left body side. The 
male pore was not clearly detected so it is uncertain 
whether it opens at the confluence of the sperm ducts 
or at the end of the common canal (Fig. 1C-D, H).
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Fig. 4. Megadasys sterreri: spermatogenesis. A. Spermatogonia (sg) in mitotic division (arrow) showing large nuclei (n) with regularly 
distributed chromatin. B. Spermatocytes (sc) showing large nuclei (n) with nucleolus and chromatin condensed in small patches. C. On 
the right of the picture note an early spermatid (st) with a big roundish nucleus (n) and a well-developed Golgi apparatus (G). On the left 
a mid-spermatid in cross-section is visible: note the nucleus forming a large “C” around the mitochondrion (arrow). D. Mid-spermatids: 
note the mitochondrion (m) entering in the nucleus (n) and the conical piece lying in the nuclear base (arrow). E. Cross-sections of a mid 
(arrow) and a late spermatid (*): in the first the nucleus surrounds the mitochondrion forming a large ‘C’, in the second the nucleus forms 
a ring. F-G. U-shaped spermatids: at this stage flagella are parallely arranged to the nuclei and acrosomes so in cross-section can be seen 
only flagella (f) and acrosome (a) or flagella and nuclei/mitochondria (n/m). The arrows show the zone where the nucleus is closing on 
itself.
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Ovaries
Two lateral ovaries extend along the posterior intestine 
from U53 to U73. In mature specimens, at least 7-8 
oocytes are present on each side of the body: they are 
arranged in a line and the most anterior one is the al-
ready mentioned mature egg that often appears, hor-
se-shoe shaped, surrounding the middle intestine dor-
sally. Its size may reach 330 µm in length and 38 µm in 
width (Fig. 1A-B).
Frontal organ 
An elongate, pipe-like frontal organ, parallel to the 
main body axis, is present between U76 and U86. It is 
formed by an anterior long and thin epithelial part 
(100 µm long and 8 µm wide) surrounding a lumen in 
which a bundle of mature spermatozoa is generally vi-
sible, likely in transit to the mature oocyte. The epithe-
lial cells contain round vacuoles with medium-dense 
granular content, which may have nutritive or enzyma-
tic functions. This part continues into a posterior large 
zone where few mature and many degenerating sper-
matozoa are present. The surface of the whole organ is 
in touch with the body musculature (Fig. 2A-D). 
Caudal organ
The caudal organ is a cigar-like structure (280 µm long 
and 40 µm wide) that extends from U87 to U95. It is 
composed of two parts of similar length: an anterior 
glandulo-muscular region (130 µm long) and a posteri-
or muscular region (150 µm in length), opening outside 
through a terminal pore (Fig. 3A-B). The musculature 
of both regions is composed only of circular fibers and 
is completely surrounded by a thick basal lamina (Fig. 
3C-D). The anterior wall of the organ is formed by lar-
ge cells arranged in a single layer. These cells contain 
a lot of secretory granules, and appear structurally and 
functionally polarized, with the nucleus close to the 
cell side that faces the surrounding musculature and 
much cytoplasm condensed along the cell side facing 
the interior of the organ. The latter shows numerous 
microvilli that extend to touch those of the other cells 
(Fig. 3C). The posterior region of the organ appears 
hollow by the presence of a sinuous duct (Fig. 3A, 
D-G), the lumen of which is rather wide and lined for 
its whole length by columnar epithelial cells with nu-
merous, stout microvilli, covered with a thick (200 
nm), filamentous layer made of a network of membra-
ne-bound polymeric material (glycoproteins) (Fig. 3E-
F). Near the microvilli a large number of packed secre-
tion cytoplasmic granules is visible, round or ovoid in 
shape, homogeneous and very electron-dense (Fig. 
3D-E, G). 
Spermatogenesis
Spermatogonia are characterized by a large ovoidal 
nucleus with granular and dispersed chromatin. They 
have little cytoplasm containing several mitochondria, 
many free ribosomes and duplicated diplosomes (Fig. 
4A). Spermatocytes are large, round cells with a circu-
lar nucleus with a nucleolus (Fig. 4B). In early sperma-
tids, the nuclear chromatin progressively condenses 
forming a large, round nucleus immersed in an orga-
nelle-rich cytoplasm. The Golgi apparatus is well de-
veloped and produces a high number of vesicles full of 
electron-dense material. The flagellum is already pre-
sent (Fig. 4C). In the mid-spermatids, the nucleus starts 
elongating and at the same time a long mitochondrion, 
arising from the fusion of many smaller mitochondria, 
sticks to the nuclear envelope and gradually sinks into 
the nucleus, that in cross-section initially takes the form 
of a large ‘C’ (Fig. 4D-E). The acrosome starts to de-
velop when the vesicles produced by the Golgi appara-
tus progressively condense and organize in a pile. 
While the nuclear-acrosomal complex is growing, the 
axoneme starts lengthening parallel to the nucleus 
(U-shaped spermatids in Fig. 4D). Late spermatids have 
completed the nuclear elongation and their aspect is 
similar to that of mature spermatozoa except for the cell 
U-shape and for the manchette of microtubules sur-
rounding both the nucleus and the acrosome. At this 
stage the nucleus completely surrounds the mitochon-
drion (Fig. 4F,G). The terminal spermatids start sliding 
along the external side of each testis in a caudal direc-
tion (Fig. 1D). Spermatids complete the maturation by 
rotating the flagellum which assumes its final position 
in line with the nucleus-acrosome complex. Mature 
spermatozoa migrate into the sperm ducts, up to con-
verge in the single ventral male pore.
Spermatozoa 
The spermatozoon of Megadasys sterreri is a long 
(about 125-130 µm), filiform cell made up of an anteri-
or acrosome, a nucleus-mitochondrial complex, and a 
tail. The apical portion, composed of the acrosome 
and the nucleus, is about 45-50 µm long. The acrosome 
is long and sub-divided into two different morphologi-
cal regions (Fig. 5K). The apical region is a twisted 
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Fig. 5. Megadasys sterreri: spermatozoa. A. Longitudinal sections of acrosome: the apical twisted (^) and the basal straight (*) regions 
are visible. B. Longitudinal section of the basal region of the acrosome: note the external striation (arrows) and the piled oval vesicles 
(v). C. Longitudinal section showing the region where the nucleus (n) surrounds the granular material (gm) and the mitochondrion (m). 
D. Portion of the nucleus/mitochondrion complex (n/m). E. Cross-section of the apical twisted region of the acrosome. F. Cross-section 
of the basal straight region of the acrosome. G. Cross-section of the nucleus surrounding the granular material. H. Cross-section of the 
nucleus/mitochondrion complex. I. Cross-section of the conical piece connecting the flagellum to the nucleus. J. Cross-section of the 
flagellum: note the prominent central sheat (arrow). K. Schematic drawing of the mature spermatozoon of Megadasys sterreri showing 
the apical acrosomal region (AA), the basal acrosomal region (BA), oval piled vesicles inside the acrosome (v), the external striation 
(es), the nucleus (n), the mitochondrion (m) and the granular material (gm) into the nucleus, the flagellum (f) and the central sheat (cs).
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tube with an inner structure made of piled oval vesi-
cles (Fig. 5A, E, K); its diameter increases in a posteri-
or direction from 100 to 200 nm. The basal region is a 
straight tube with a constant diameter of 200 nm con-
taining oval vesicles similar in shape to those of the 
anterior region but with a larger diameter (150 nm, Fig. 
5A-B, F, K); it is surrounded by a sheath showing an 
evident oblique striation (Fig. 5B, K). The nucleo-mi-
tochondrial portion is about 15-20 µm long: anteriorly 
the spring-shaped nucleus surrounds a granular mate-
rial devoid of mitochondria (230 nm in diameter), whi-
le posteriorly the mitochondrion is surrounded by the 
nucleus, with a diameter of 300 nm (Figs. 5C-D, G-H, 
K). The flagellum is 80 µm long and has a 9x2+2 axo-
neme, characterized by a dense and prominent central 
sheath surrounding the central tubules (Fig. 5J, K). 
The nucleus and the flagellum are connected by a co-
nical piece lying in a groove at the nuclear base (Fig. 
4D, 5I).
Discussion
The general layout of the reproductive apparatus of the 
specimens from Lanzarote matches the description of 
the reproductive system of specimens of Megadasys 
sterreri from Ireland provided by Boaden (1974) and 
also those of Megadasys minor from Roscoff described 
by Kisielewski (1987). The layout is also in accordance 
with our unpublished observations on various species 
of Megadasys from other areas of the World (i.e. Me-
diterranean Sea, North Sea, Caribbean Sea and Persian 
Gulf; M.A. Todaro, unpubl. data). Therefore, the appa-
rent absence of a frontal organ in Megadasys pacificus 
(Schmidt, 1974) should be considered either as an au-
toapomorphy or an oversight by the author. Considering 
that the size of this organ may vary across species of 
the same genus, and that it was difficult to discern it 
also in our specimens even under DIC optics, the latter 
hypothesis seems the most likely. Consequently, it may 
be said that members of the genus Megadasys are her-
maphrodite, with paired and separate male and female 
gonads, with a single male pore and both frontal and 
the caudal organs. The present ultrastructural investi-
gation has shown that both male and female gametes 
mature in a posterior to anterior direction. 
 All the genera of the family Cephalodasyidae (Ce-
phalodasys, Dolichodasys, Megadasys, Mesodasys, 
Paradasys, Pleurodasys) have paired gonads but may 
differ in i) relative position of male and female gonads 
along the body; ii) direction of development of male 
and female germ cells; iii) number of the male pores, 
and iv) occurrence of accessory sexual organs.
 Differences in the structure of the reproductive sys-
tem of species of Cephalodasyidae appear so marked 
that it is hard to find potential synapomorphies that 
justify their grouping into a single family. For example, 
species of Mesodasys bear bilateral male and female 
gonads, with anterior testes and posterior ovaries, and 
both types of germ cells develop in a frontward direc-
tion. Mesodasys gastrotrichs are unique in the family 
in that their sperm ducts are directly connected to the 
caudal organ; yet a frontal organ is missing and hypo-
dermic impregnation likely occurs. The sperm of an 
individual may be injected inside different regions of 
the partner’s body (Ruppert, 1991; Fregni et al., 1999)
 Ruppert and Shaw (1977) describe members of Doli-
chodasys as possessing a pair of bivalent gonads (ova-
riotestis) that produce female germ cells anteriorly and 
male germ cells posteriorly, with both cell types matu-
ring in a caudal direction, yet the sperm ducts open to 
the exterior with independent pores. Furthermore, in 
Dolichodasys the frontal and caudal organs are functi-
onally distinct units but are connected by a compact 
tissue band; the frontal organ receives allosperm by 
means of a ventral pore while an internal pore ensures 
that these sperm reach the mature eggs. The caudal 
organ is structurally complex as it possesses two canals 
intercommunicating both distally and proximally with 
a single external pore, which allows the intake and 
extrusion of the autosperm. Members of Cephalodasys 
(except for C. hadrosomus for which no data are availa-
ble) possess bilateral male and female gonads, anterior 
testes and posterior ovaries, with the two types of germ 
cells maturing in opposite directions i.e. sperm from 
posterior to anterior and eggs from anterior to posteri-
or. Sperm ducts join ventrally at the mid line and open 
externally into a common pore. In species for which the 
accessory sexual organs have been reported, the frontal 
organ is always present while the caudal organ may be 
absent (e.g. C. pacificus and C. palavensis).
 Information on the reproductive system of Pleuro-
dasys and Paradasys are particularly poor and should 
be taken with caution. According to the data in the li-
terature, members of both taxa possess paired gonads 
with anterior testes and posterior ovaries; both germ 
cells mature in a frontward direction (Boaden, 1963; 
Rao, 1980, see also Ruppert and Shaw, 1977). Further-
more, sperm ducts open separately in Pleurodasys 
species whereas no information are available for Para-
dasys species. Likewise, no accessory reproductive 
organs have been reported for Paradasys while a ’bursa 
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seminalis’ has been indicated for Pleurodasys (see 
Boaden, 1963). It should be emphasized that the corres-
pondence of the ‘bursa’ to the frontal or to the caudal 
organ may be problematic as in the past this term has 
been applied to both the organ with female function 
(frontal organ) and to the organ with male function 
(caudal organ) (see Ruppert, 1991). Based on informa-
tion derived from an undescribed species of Pleurodasys 
from South Africa, in which a structure resembling a 
frontal organ is present (M.A. Todaro, unpubl. data), 
the correspondence between the bursa described by 
Boaden (1963) and the frontal organ reported in other 
Macrodasyida appears as the most likely scenario.
 From all the examples reported above, it appears 
clear that the structure of the reproductive system of 
Megadasys finds no match in any of the other genera 
of Cephalodasyidae; furthermore, differences exist also 
among the other genera of the family casting doubts on 
its monophyly. 
 The family Cephalodasyidae derives from a recent 
splitting of the family Lepidodasyidae and was esta-
blished mainly to accommodate the genera clearly 
different from the type-genus Lepidodasys (Hummon 
and Todaro, 2010). At that time, clear autoapomorphies 
such as the presence and ultrastructure of the cuticular 
scales, pharynx organization and sperm ultrastructure 
provided solid grounds for separating Lepidodasys from 
the other genera of the family, for which however no 
synapomorphies could be detected (Ruppert, 1991; 
Guidi et al., 2004; for peculiarity in the muscular system 
see Hochberg et al., 2013). 
A recent phylogenetic analysis based on the gene 18S 
rDNA has found Megadasys allied with Crasiella (To-
daro et al., 2012); while at first sight this novel hypo-
thesis may appear provocative, it is worthy of conside-
ration especially in the light of the comparison of the 
reproductive systems of the two taxa, from which a 
perfect match in their layout emerges.
 In fact, representatives of Crasiella, like the speci-
mens of Megadasys, i) possess paired gonads, anterior 
male and posterior female, ii) have both germ cells 
maturing from posterior to anterior, iii) sperm ducts 
converge ventrally on the midline and open to the ex-
terior through a common pore, and iv) possess both 
frontal and caudal organs (cf. Guidi et al., 2011 and this 
study). 
 While components and arrangement of the reproduc-
tive systems of Megadasys and Crasiella are the same 
and strongly allude to a common origin of this trait as 
a whole, the specific shape and structure of the organs 
composing the two reproductive systems may be taxon 
specific. However, possible observations on additional 
species may help in assigning the specificity of a trait 
at the level of species or genus. Likewise, an overemp-
hasis on singular reproductive characters may incor-
rectly align Megadasys or Crasiella more to other 
macrodasyidan taxa than to each other. For example, a 
caudal organ showing a single internal canal and a 
single external pore aligns Megadasys to Macrodasys 
more than it does Megadasys to Crasiella; on the other 
hand, the two-canal caudal organ of Crasiella is more 
similar to that of Dolichodasys than to Megadasys. 
However, the presence of a single type of musculature 
(circular) in the caudal organ of Megadasys vs two types 
(circular and longitudinal) in Macrodasys and the way 
the two canals are interconnected to each other in the 
caudal organ of Crasiella vs Dolichodasys reveals the 
limits of the resemblance between these organs. 
 The spermatozoa ultrastructure of Megadasys ster-
reri provides additional support to the hypothesis of a 
phylogenetic alliance between Megadasys and Crasiel-
la. In particular, the male gametes of Megadasys ster-
reri as those of Crasiella spp. possess an axoneme that 
has a peculiar modification of the central apparatus i.e. 
a prominent central sheath, which is lacking in all the 
other gastrotrich species studied so far. While the func-
tional and evolutionary significance of this structure, 
which was first reported for species of Clitellata (An-
nelida) (see Ferraguti, 1984), has yet to be assessed, it 
clearly differentiates the spermatozoa of Megadasys 
and Crasiella from those of the other gastrotrichs. An 
additional spermatological trait in common between 
Megadasys and Crasiella is the structure of the basal 
region of the acrosome arranged as a straight tube with 
piled large oval vesicles. Moreover, both Megadasys 
and Crasiella lack the periaxonemal striated cylinder 
that is present in all the other species of Cephalodasyi-
dae studied to date (Cephalodasys, Mesodasys spp.), 
making Megadasys the only genus of the family without 
a striated cylinder. 
 The same can be said of the oblique striation on the 
sheath involving the basal portion of the acrosome, a 
character shared with the species examined so far of 
the family Turbanellidae, and about the fine organiza-
tion of the testis, which in Megadasys under TEM 
appears compact i.e. lacking an inner lumen, a charac-
teristic shared only by Lepidodasys sp. and Urodasys 
anorektoxys among the numerous macrodasyidan 
species examined so far (Guidi et al., 2004; Balsamo et 
al., 2007).
 To summarize, our study highligths that the general 
layout of the reproductive apparatus of Megadasys is 
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more similar to that of Crasiella than to any other 
genus currently included in the family Cephalodasyi-
dae, and moreover, the spermatozoa of the two species 
share some characters that are likely to be homologous. 
Thus, considering the clues pointing towards the po-
tential polyphyletic nature of the family Cephalodasyi-
dae and the sister-taxon relationships between Mega-
dasys and Crasiella emerged from single gene studies 
(Paps and Riutort, 2012; Todaro et al., 2012) we con-
sider the close relationship between Megadasys and 
Crasiella to be very likely. Consequently, we propose 
the genus Megadasys to be removed from the Cepha-
lodasyidae and provisionally affiliated to the family 
Planodasyidae. Future morphological studies that fill 
the gap about the complete organization of the repro-
ductive apparatus of species of the rare genus Plano-
dasys (Rao and Clausen, 1970) and/or molecular 
phylogenetic analyses including this genus will confirm 
or disprove our hypothesis. 
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Appendix
Diagnosis
Planodasyidae Rao and Clausen, 1970 (emended)
Elongate Macrodasyida, flattened ventrally and vaulted 
dorsally. Medium size terminal mouth opening. Head 
not clearly distinct from body. Cuticle naked. Pestle 
organs present or absent. Ventral cilia in two longitudi-
nal rows, often united anteriorly. Epidermal glands 
variable in size and number. Anterior adhesive tubules 
in two diagonal rows, inserting directly on the cuticle; 
lateral adhesive tubules numerous; dorsal adhesive tu-
bules present or absent; posterior tubules arranged on 
the margin of a single- or bilobed caudal end. Gonads 
paired; male anterior, female posterior; gametes matu-
ring in a caudo-cephalic direction (Planodasys?); sperm 
ducts directed posteriorly, converging ventrally on the 
midline and opening into a common pore. Spermato-
zoon with peculiar prominent central sheath in the 
axoneme and basal region of the acrosome arranged as 
a straight tube with piled large oval vesicles. Caudal 
organ present; frontal organ usually present (Plano-
dasys?). Intertidal or subtidal in distribution; fine to 
coarse sand. Type genus: Planodasys Rao and Clausen, 
1970. Other genera: Crasiella Clausen, 1968; Mega-
dasys Schmidt, 1974.

